
RAPID TESTING O F  DYES AND PIGMENTS' 

BY GEORGE E. GRANT AND ARTHUR S. ELSENBAST 

The actual testing of dyes and pigments in regard to  
their relative permanency to  light is slow work. Of cpurse 
the time can be cut down somewhat by using a very intense 
source of light; but this is permissible only in case one is cer- 
tain that the amount of change is proportional to  the product 
of the intensity of light into the time of exposure. There is 
no certainty that that is true in any particular case even 
when using monochromatic light and it certainly is not the 
case with an arc light. In fact the whole nature of the re- 
action may change. Methylene blue may be oxidized or re- 
duced. In the immediate neighborhood of a quartz, mer- 
cury vapor, lamp, there is enough ozone formed to bleach 
colors which would ordinarily be perfectly stable. 

Since most colors are bleached by oxidation, it seemed 
that it ought to be possible to prepare solutions of oxidizing 
agents of varying strengths such that one could say that a 
given dye or pigment was practically fast to light in case it 
did not bleach perceptibly in agiven solution within a given 
time. Our experiments are only preliminary ones; but they 
indicate the possibility of working out a satisfactory method 
along these lines. 

Experiments were first made with methylene blue, methyl 
violet, Victoria green, magenta, azo .red, and eosine, using 
hydrogen peroxide as oxidizing agent. The concentration 
of the dyes was 0. I gram per liter. In the first series, 0, 2, 
4, 8, IO cc of a three percent solution of hydrogen peroxide 
were added respectively to  bottles each containing IO cc of 
the dye solution. The thirty-six bottles were shaken and 
then put away in the dark. They were examined every day 
for about four weeks. The following results were obtained 
at the end of twenty-seven days. 

A paper read before the Eighth International Congress of Applied 
Chemistry in New York, September, 1912. 
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Methylene Blue 
All bottles containing hydrogen peroxide have faded as 

compared with the standard; not very much difference owing 
to concentration of hydrogen peroxide, though the shade 
gets a little lighter as the concentration increases. 

Methyl Violet 
The bottles containing 2 and 4 cc hydrogen peroxide solu- 

tion are much lighter than the standard; but the two are ap- 
parently exactly alike. With increasing concentration of 
H,O,, the color decreases rapidly, the IO cc bottle being prac- 
tically colorless. 

Victoria Green 
The bottle with 2 cc H,O, solution shows a slight tinge 

of green; the other bottles are quite colorless. The dye is 
much more fugitive to hydrogen peroxide than methylene 
blue or methyl violet. 

Magenta 
The 8 cc and IO cc bottles are entirely faded; the others 

have a slight color, the 2 cc bottle having a little the most 
color. 

Azo Red 
There is a slight pink tinge in the bottle containing 2 cc 

H,O,; but the others are almost colorless. 

Eosine 
Not much change in the 2 ,  4 and 6 cc bottles. The other 

two are almost colorless. 
The objection to these tests is that  the concentration of 

the dye varies in the ratio of one to  two, and this might be con- 
sidered as objectionable. In order to eliminate this, a series 
of experiments was made in which I cc of the dye solution 
(0. I gram per liter) was taken in every case. We added 50 
cc, 35 cc, and 25 cc of the three per cent solution of hydrogen 
peroxide to different bottles and diluted all solutions to  51 
cc. The solutions were examined a t  the end of 16, 41, and 65 
hours; in other words, on each of the next three days. 
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Methylene Blue 
After 16 hours no very great change as compared with 

the standard, though the 50 cc and 35 cc bottles are a bit 
faded, the shade being greenish rather than bluish. After 
41 hours all three solutions are distinctly faded, the change 
being more marked with the 35 cc and 50 cc bottle than with 
the 2 5  cc one. After 65 hours the results are about the same 
as after 41 hours. 

Methyl Violet 
After 16 hours all three solutions have faded considera- 

bly, and there is a regular gradation, $he solution containing 
the most H,O, having faded the most. After 41 hours the 
50 cc bottle is entirely colorless; the 35 cc bottle has a very 
slight tinge of color and the 2 5  cc bottle a slight tinge. After 
65 hours all three solutions are almost entirely faded. 

Victoria Green 
After 16 hours the 50 cc bottle has only a very slight 

greenish tinge. The other two bottles have apparently 
faded about equally but not quite so much as the 50 cc bot- 
tle. After 41 hours the color is entirely gone in all three bot- 
tles. 

Magenta 
After 16 hours the 50 cc bottle shows almost no color; 

the 35 cc bottle shows a little more color; and the 2 5  cc bot- 
tle is distinctly colored, though very much faded as compared 
with the standard. After 41 hours there is no color in any 
of the bottles. 

Azo Red 
After 16 hours all three bottles are distinctly faded; 

but the differences among themselves are less than the differ- 
ence between them and the standard. After 41 h o x s  the 
three bottles have about the same tint. Though very much 
faded, there is still color. After 65 hours there is still a trace 
of color in all three bottles. 

Eosine 
After 16 hours all three bottles have a distinctly yellower 
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color than the standard. The 50 cc and the 35 cc bottles 
have faded about equally and quite a bit more than the 2 5  

cc bottle. After 41 hours the 50 cc and the 35 cc bottles are 
almost entirely faded and the 2 5  cc bottle is pretty far gone. 
After 65 hours the 50 cc and the 35 cc bottles are entirely 
faded and there is only a slight color in 'the 2 5  cc bottle. 

These experiments show that it is possible to distinguish 
quite sharply between these dyes. Methylene blue is distinctly 
the most stable to  hydrogen peroxide; next comes azo red; 
and then come methyl violet and eosine; while Victoria green 
and magenta are the most fugitive under these circumstances. 
As has been stated, these experiments are only preliminary 
ones and will have to be extended so as to cover some of the 
more stable dyes. As far as they go, they are distinctly en- 
couraging. 

The difference in the dyes can be shown in another 
way, the results being a first approximation only and varying 
of course with the temperature. Starting with I cc dye solu- 
tion (0. I gram per liter) and 50 cc three percent hydrogen 
peroxide solution, the time necessary for fading was 2 0  hours 
for magenta (completely faded) ; 23 hours for Victoria green 
(completely faded) ; 48 hours for eosine (almost entirely 
faded) ; 65 hours for methyl violet (almost entirely faded) ; 
65 hours for methyl violet (almost entirely faded) ; 95 hours 
for azo red (completely faded); while methylene blue was 
still standing up at  the end of 2 0 0  hours. 

Experiments were next tried with some lake colors 
presented to  us very kindly by Messrs. Toch Brothers, of 
New York. The names and descriptions of these colors were 
as follows: 

Eosine Vermi1io.n. -An eosine precipitated with lead ace- 
tate on red lead (orange mineral). 

Scarlet Lake. -2 R Scarlet fastened with barium chloride 
on barium sulphate and alumina hydrate. 

Ian Red.-An azo cerise on blanc fixe. 
Red Lake, No. 625.-An azo red on barium sulphate and 

clay. 
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Eosine Lake, No. 18r2. -Eosine fastened 'with lead ace- 

Magenta Lake, No. 678. -Magenta on alumina hydrate. 
Blue Mauve, No. 676. -Methylene violet on alumina 

hydrate. 
Green Lake Deep. -Victoria green and methylene blue on 

clay. 
Green Lake Yellow. -Victoria green and auramine on 

clay. 
In these experiments we weighed out 0.05 gram of 

the pigment, added it to 60 cc H,O,, shook for two minutes 
in a mechanical shaker, and then put the bottle away in the 
dark for six days. The solutions were filtered, the pigments 
dried and compared with the original color. In some of the 
cases the lakes had bled considerably. 

tate on alumina hydrate and barium sulphate. 

Eosine Vermilion 
Bleeds slightly more than eosine lake and fades more. 

The standard is much darker than the sample which has been 
treated with hydrogen peroxide. 

Scarlet Lake 
Bleeds more noticeably. After treatment with hydro- 

gen peroxide the color changes from scarlet to orange red. 

Ian Red 
Bleeds very badly and fades very much, turning to a 

pale pink color. 
Red Lake 

Bleeds much and turns to a pale orange color. 

Eosine Lake 
Bleeds slightly; but not so much as eosine vermilion. 

Fades a good deal, the color becoming more of an orange. 

Magenta Lake 
Bleeds scarcely at  all but fades almost completely, 

though there is a faint color left. 
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Blue Mauve 
Not much bleeding. Fades considerably, changing from 

a dark purple color to a light pale lavender. 

Green Lakes 
Practically no bleeding. Fade very much, turning to  

a grayish green color. 
Since it was possible that the change of color was due 

in large part to  the bleeding and not to the bleaching, the 
preceding experiments were repeated, substituting 60 cc 
H,O for 60 cc H,O, solution. Though all the lakes, except 
the greens, bled noticeably, the colors of the filtered and dried 
lakes were practically those of the original samples, showing 
that very little actual color had been washed out and that 
hydrogen peroxide did actually cause the lakes to fade. It 
is to  be noticed that these lake colors resist the action of 
hydrogen peroxide very much better than did the correspond- 
ing dyes. 

Some experiments on the dyes previously studied showed 
that potassium persulphate acted more rapidly than hydro- 

1 gen peroxide of the concentration we were using. Experi- 
ments were also made with a number of other dyes. The 
solutions were made up to contain 0 . 0 3  gram dye, 7 grams 
K,S,O, and 80 cc H,O. The approximate times for practically 
complete fading were 16 hours for naphthalene red; 19 hours 
for rosazarine; 2 3  hours for neutral violet extra; 25 hours 
for naphthalene yellow; 36 hours for Rose Bengale; 58 hours 
for azo acid violet 4 R ;  60 hours for Victoria violet; 60 hours 
for cotton orange; 238 hours for diamine fast yellow; and 250 

hours for dianine gold. 
One run was made with the lakes a t  6oo-75O, the solution 

consisting of 0.03 gram pigment, 7 grams K,S,O,, and 80 cc 
H,O as before The approximate times for complete fading 
were about IO hours for blue mauve; 15 hours for eosine ver- 
milion and red lake; 48 hours for scarlet lake; 53 hours for 
eosine lake; go hours for green lake deep; while Ian red did 
not become entirely colorless in 150 hours. These results 

. 

. 
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are not entirely in accord with those obtained with hydrogen 
peroxide at ordinary temperature. It is an open question 
whether the time necessary for complete bleaching is a satis- 
factory criterion in the case of the lakes. Most of the lakes 
bleach very much in the first hour or so and then change 
very slowly. Probably a measure of the percentage change 
in a moderately short time would be more satisfactory. 

Experiments were next made as to  the bleaching action 
of sunlight on dyes in solution, using the same six dyes which 
were tested with hydrogen peroxide. To IO cc. of the dye 
solution (0. I gram per liter) there were added 40 cc H,O. 
Owing to  the unsettled weather, no absolute measure of the 
time of fading could be obtained; but eosine bleached the most 
rapidly and then methylene blue. In  course of time the methyl 
violet, magenta, Victoria green and azo red solutions all 
bleached to colorless liquids. This is in keeping with the ex- 
periments showing that all these dyes bleach in presence of 
hydrogen peroxide. There is a discrepancy, in that eosine 
and methylene blue are the first to fade in the sunlight, whereas 
methylene blue is the last to fade in hydrogen peroxide. This 
is a bit puzzling; but, after all, it is really no more surprising 
than that one reaction should go faster than another in one 
solvent and slower in another. Both are beyond us for the 
present. The practical bearing of it is that we may use the 
hydrogen peroxide test, within certain limits, to show sta- 
bility of a given dye to light; but we must not use it to  measure 
relative rates of fading on exposure to  light. It is not neces- 
sarily light of the same wave-length which acts on any two 
of the dyes and the results will therefore vary among them- 
selves with the varying nature of the source of light. Thus, 
eosine fades relatively faster than methylene blue when ex- 
posed to the light of a quartz, mercury vapor, lamp and both 
gain relatively to the other four dyes under these circumstances. 
When using the standard solution of 0 . 0 5  gram per liter, the 
time for practically complete fading is about 5 hours for eosine; 
8 hours for methylene blue; 15 hours for methylene violet; 
20 hours for azo red and for magenta; while Victoria green 
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takes about 24 hours to bleach. On standing in the dark 
the color comes back with the methylene blue and to some ex- 
tent with the others. 

Experiments were next made vbith 0.03 gram of each 
lake suspended in 80 cc water. The mixtures were exposed 
to  sunlight for seven weeks and were examined daily. Only 
about 13 or 14 days out of the lot were really bright days. , 
The eosine faded first, and then the eosine vermilion which 
did not go completely. The scarlet lake was next to go and 
then came blue mauve and magenta lake, none of these three 
becoming entirely colorless. The red lake faded slightly 
while the greens were not changed much and the Ian red 
showed no change of color that we could detect. 

The dry, powdered, lakes were exposed to  sunlight, such 
as it was, for about six weeks. During this time the eosine 
was the only one to fade noticeably. 

Reference has been made to  the possible desirability of 
determining the percentage bleaching a t  the end of the given 
time instead of noting the time necessary for complete fading. 
The relative results will not be the same by the two methods 
unless the time-color curves are of the same general shape. 
While we have no quantitative data on this point, we made a 
few qualitative experiments along this line with hydrogen 
peroxide as oxidizing agent. Methylene blue and azo red fade 
gradually, the azo red fading faster than the methylene blue. 
Methyl violet and eosine fade very little a t  first, standing up 
almost as well as methylene blue; then they suddenly fade 
very fast. Magenta and Victoria green fade very fast a t  first 
and then very gradually. For short intervals of time, methyl 
violet and eosine are apparently more stable than azo red, 
while the reverse is true for longer intervals. 

The general results of this paper are: 
I .  Methylene blue, methyl violet, Victoria green, magenta, 

azo red and eosine are bleached at ordinary temperature by 
a suitable concentration of hydrogen peroxide. It is easy to 
arrange the experiment so as to  bring out marked differences 
in the relative stability of these dyes. 
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2 .  Methylene blue and azo red fade gradually; methyl 
violet and eosine fade slowly a t  first and then quite rapidly; 
magenta and Victoria green fade fast a t  first and then grad- 
ually. 

3. Taking practically complete bleaching as the end 
point, the order of stability is methylene blue, azo red, methyl 
violet, eosine, Victoria green and magenta, this last being the 
most fugitive. For shorter intervals of time the order may 
be methylene blue, methyl violet, eosine, azo red, Victoria 
green, and magenta. 

4. A similar bleaching effect can be obtained with per- 
sulphate solutions. 

5. Solutions of all six dyes bleach in the sunlight and also 
in the light of the quartz, mercury vapor,.lamp. The order 
of stability is not the same as in the oxidizing solutions, 
being Victoria green, magenta and azo red, methyl violet, 
methylene blue, and eosine, the last being the most fugitive. 
This discrepancy is due in part to the fact that  the oxidation 
of the dyes is not always due to light of the same wave- 
length. 

6 .  We have studied the action of hydrogen peroxide and 
of sunlight on the following lake colors : eosine, vermilion, 
scarlet lake, Ian red, red lake, eosine lake, magenta lake, 
blue mauve, green lake deep, green lake yellowish. 

7. All the lakes except the greens bled badly and all 
were bleached very much by hydrogen peroxide. They are 
very much more stable to hydrogen peroxide and to  sun- 
light than the corresponding dyes. 

8. The dry lakes were not much affected by six weeks 
exposure to occasional sunlight, the eosine fading much the 
most. 

9. When suspended in water the lakes are bleached by 
sunlight, the order of permanency under the conditions of 
the experiment being Ian red, the greens, red lake, magenta 
lake and blue mauve, scarlet lake, eosine vermilion, and eosine 
lake, the last being the most fugitive. 
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IO. These preliminary results indicate the possibility 
of working out rapid qualitative tests as to the stability of 
dyes and pigments in sunlight. Such tests are absolutely 
necessary for any systematic study of the factors affecting 
stability. 

This investigation was suggested by Professor Bancroft 
and has been carried out under his direction. 

Cornell University 


